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scientific conceptions they studied. When teachers used modified 
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and suggested strategies for helping students to. change), important 
changes in the teachers* behavior were noted and at least three times 
as many students understood the scientific conceptions of light than 
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Abstract 



Recent research shows that students' understanding oi a wide variety of 
scientific topics Is Influenced by misconceptions that conflict with accepted 
scientific theories and that persist even after Instruction, In this study, 
student misconceptions were Identified and used as a basis cor analysing the 
classroom behavior of teachers and students and for developing modifications 
that Increased the effectiveness of commercial science programs. In Year I» 
case studies were conducted of lA teachers teaching either (a) the Light unit 
from Laldlaw Brothers' BxploHng 3oimo3 textbook, or (1)) the Producers part 



student misconceptions Into accounc* Fewer than one quarter of the students 
learned the scientific conceptions they had studied. In Year 2» modifications 
were developed for both of the target units and used by 10 Uachers. The 
modified materials informed teachers about likely student misconceptions and 
suggested strategies for helping students to change. Classroom observational 
daU showed Important changes In the teachers' behavior, and at least three 
times as many students understood the scientific conceptions of light than In 
Year I. Learning for the Producers part did not Improve, but other problems 
with the Producers part were Identified. When these problems were addressed 
la a subsequent study, learning Improved substantially. 



of sens or SCIS II Commmitiee unit. 




had misconceptions. Classroom observations andv teacher Viot^rvlews revealed 
that the teachers exhibited a variety of teaching styles thit dld not take 



THE PUNNING AND TEACHING INTERMEDIATE SCIENCE 
STUDY) PINAL REPORT^ 

Edward L. Smith and Charlaa W. Anderson^ 

The study of human think^g has undergone a revolution over the last 23 
years. Developfflents in a variety of fields, including cognitive psychology, 
linguistics, and artificial intelligence, have converged to produce new and 
important insights into the oat^e of human cognitive processing. The common 
iMlghts that luiv« arisen from jthese developments form the basis for the new 
field of cognitive science (jf*; N«well & Simon, 1972; Case, 1983; P. Smith, 
1975). Two insights in particular lie fit the core of this new understanding 
of human reasoning*^. 

The first concerns the limitations of human beings as information proces«- 



sors* Compared jto even an inexpensive computer » humans have extremely small 
working memorle^ and process the information in short-term memory quite slow- 
ly* Thus humaniS are quite susceptible to information overload* 

The second insight concerns the role that preexisting cognitive structure 
plays in perceptions comprehension^ and memory* Philosophers going back to 
Kant have emphasised that the nature of human perception and experience are 
determined by cognitive structures that exist before perception and experi- 
ence* Recent research has produced an explosion of knowledge about those 



^This research was funded by the Research in Science Program of the 
National Science Foundation (grant no* SED-802002)* This paper does not 
necessarily reflect the opinloni policy^ or position of the National Science 
Foundation* 

^Edward L* Smith and Charles **Andy** W* Anderson coordinated the Planning 
and Teaching Intermediate Science Study* Smith is an associate professor of 
teacher educationi and Anderson is an assistant professor of teacher educa- 
tion* They would like to acknowledge the assistance of Lucille Slingert 
Kathleen J* Roth^ and Janet Eaton* 
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cognitive ttTUCtuT«8» which are verlously called schemaU (R. Anderson, Splro, 
AM. Anderson, 1978; Rumelhart & Ortony, 1977), frames (Davis, 1981), alterna- 
tive frameworks (Driver & Easley, 1978), and many other terms. 

An Important aspect of this receipt research has been the discovery of how 
often these cognitive structures are Inadequate or Incorrect. In the field of 
science, for example, researchers have found that most people understand the 
motion of objects by using physical theories more closely akin to those of 
Aristotle or medlevll theorists than to those of Newton or Einstein, (Dl 
Sessa, 1982; HcCloskey, 1983); that although students at the end of a high 
school chemistry course can often balance chemical equations, many have little 
or no understanding of what the symbols represent (Ben Zvl, Eylon, & 
Sllbersteln, 1982); and that young children who say, 'The earth Is round," may 
not be referring to the earth we live on at all (Nussbaum & Novak, 1976). 

Overall, the picture that emerges Is one of human beings as creatures of 
bounded rationality. What people do Is sensible, but their comprehension and 
learning are limited both by the fact that they often depend on Incorrect 
schema U or misconceptions and by the limits of their Information-processing 
capacity. 

In this study, we examined the Implications of these findings about human 
cognitive processing for the teaching and leamlvig of elemenUry school 
sclen'he. Ue believe these findings have Important Implications for both 
teacher education and curriculum development. 

Methods 

The methods used during each year of the two-year Planning and Teaching 
Intermediate Science (PTIS) Study are described below. 
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Year I 

Year 1 was devoted to naturalistic observation of teachers and students 
in fifth-grade classrooms. Qas« studies were conducted of nine teachers as 
they taught the Producers part of a revised version of the Science Curriculum 
Improvement Study (SCIS) Comnunitiee unit (SCIS, 1971). Seven of these 
teachers used the SCIIS version (Knott, tawson, Karplus, Thier, & Montgomery, 
1978); two teachers were using the SCIS II version^ (Paldy, Anburgey, Collea, \ 

I 

Cooper, Maxwell, & Riley, 1978). Case studies were conducted of five teachers 
as they Uught the Light unit from the Laidlaw Brothers Exploring Soianoa 
textbook (Blecha, Gega, & Green, 1979). 

Each of the U case studies consisted of (a) pretests and posttests 
administered to the students, (b) observations that produced detailed narra- 
tive records of some or all of the lessons taught during the course of the 
unit, (c) interviews with the teacher, and (d) observations of teacher pUn- 
nlnga 

Year 2 

The results from the first yearns case studies were useU as the basis for 
designing modifications in the two units. (The modifications are discussed 
later in this paper.) Case studies were conducted of four teachers using the 
modified Producer^ ,part and of six teachers using the modified Light unit. 

Year 1 Results 

What we saw during Year 1 could be described as universal failure. Even 
though most of the teachers who volunteered to participate in the study were 



^SCIIS and SCIS II are both revisions of the original SCIS program. Pot 
simplicity^ all three programs will be referred to in this paper as SCIS. 
Anyone wishing to know which teachers used which version of SCIS may conUct 
the authors* 
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dedlcaUd> exptri«ticed> and Able> there was not a single classroom in which 
even half the students came to undersUnd the key concepts taught. 

Ve attribute this failure of instruction to three ^Q^s of -information- 
processing problems that affected students and teachers. Two of these prob- 
lems concerned the preexisting cognitive structures of students and teachers; 
both students and teachers were affected by miscpnceptionst beliefs that had 
negative effects on the way that they processed information in the classroom. 
In addition » teachers were limited in their ability to respond to the multiple 
demands placed on their information-processing capacity. 

Misconceptions Among Students 

Consistent with the growing body of research on student misconceptions in 
science (Helm & Movak» 1983; Driver & Erlckson, 1983), our pretesti^ and class- 
room observations revealed the existence of important student misconceptions 
about both light and plants as producers (C. Anderson & £. Saith, i983a; Roth» 
E. Smith, & C. Anderson, 1983). In Table I, these misconceptions are con- 
trasted with ttte scientific conceptions presented In the commercial program 
materials. Also consistent with the misconceptions research, our posttests 
Indicated that less than a quarter of the students had come to believe the 
scientific conception as a result of the instruction on either unit. 

In addition, our analyses of classroom instruction documented ways In 
which student misconceptions contributed to these results. The students* mis- 
conceptions affected both their InterpreUtion of Instruction and their be- 
havior (Eaton, C. Anderson, & E. Smith, 1984; £. Smith & C. Anderson, In 
press). 

For example, one of the crucial experiments In the SCIS unit Involved 
growing grass plants In the light and In the dark. Students* observations 
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that the plants In the dark began to grow and then wilted were designed to set 
the stage for the introduction of photosynthesis! The plants in the dark died 
because photosynthesis Is their only source of food after the food^tored In 
the seeds Is used up» and they could not engage In photosynthesis wlth^stut 
llght« Howevert the students^ misconceptions caused them to Interpret the 



Table 1 

Contrast Between Common Student Misconceptions 
and Scientific^ Conceptions 



Issue 



Common i;isconceptlon 



Scientific Conception 



Light 

I. How do people 
see? 



2« What Is color? 



Light shines on or brightens People^ s eyes deteev 
objects so that people^s eyes reflected light that has 
can see them directly. bounced off objects. 

Color (wavelength) is a 
property of light. Ob«» 
Jects appear colored 
because they reflect some 
colors of light while 
absorbing others. 



Objects have colors. Light 
helps people to see those 
colors. 



Producers 

1. Where do 
plants get 
their food? 



2. Why do plants 
need light? 



Plants take In their food in Sprouting seeds use food 

the form of water> fertilizer stored In the cotyledons, 

(plant food)t and/or other Mature plants use light 

materials. to make their own food. 



Plants need light to live 
and grow or be healthy. 



Plants use light energy 
to make foodi without 
which they cannot live. 



experiment dliferently. Because they assumed that food for plants was water 
and other materials taken in from the environment^ most students saw no 
connection between the experiment and the issue of where plants get their 
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food. Instead^ they Interpreted the pale and sickly appearance of 'the planta 
In the dark as support for their misconception: Plants need light In order to 
sUy green and healthy* They san no need for further explanation (E« Smith & 
C» Anderson » In press)* 

Our analysis of the text and teacher's guide for the Light unit Indicated 
that the authors had no awareness of the conceptuaUchange problem* They pro* 
vlded no information about probable student misconceptions and no teaching 
suggestions to help address them* In fact^ the choice of language In the text 
was often consistent with the misconceptions (Eaton, C* Anderson, &^ Smith, 
19&4)« Injcontrast, the SCIS teacher's guide did include some Information 
about misconceptions, and some of the teaching suggestions did appear aimed at 
attacking them* However, much of this strategy was Implicit and burled/ln a 
myriad of precedural details (E* Smith & C* Anderson, In press)* 

Hi^conceptlons Among Teachers 

Classroom observations, observations of teacher planning, and Interviews 
with teachers during Year 1 convinced us that the teachers were also affected 
by misconceptions* Unlike the students, whose crucial misconceptions were of 
science content, the teachers held mlsconceptlots that were essentially 
pedagogical* . / 

The teachers observed during Year I could be characterised as exhibiting 
one of three approaches to the teaching of science* Although these three 
approaches were quite different from each other, none of the 14 teachers we 
observeu was particularly successfu^in getting students to abandon their mls* 
conceptlons and understand the scientific theories* The three approaches were 
actlvlty^drlven teaching, didactic teaching, and discovery teaching* 
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Actlvlty»drlven teaching * Teachers oalng this approach focused primarily 
on the activities to be carried out In the classroomt textbook reading, 
demonstrations, experioients, discussions, and so on. The te&chers were either 
unconcerned about or unable to determine the specific contribution of the 
activities to learning. They Unded to assume that if they followed the 
recommendations of the authors of their textbook or teacher's guide, student 
learning would occur automatically. Student posttest results indicate that 
this assumption was unjustlf4.ed} the activity- driven teachers often unknowing* 
ly modified or deleted crucial parts of the program, making it almost impos- . 
slble for the students to learn the scientific theories. 

Activity-driven teachers for whom case studies are available are 
Ms. Baxter (Baton, C. Anderson, & E. Smith, 1984) and Ms. Ross (B. Smith & 
Sends Ibach, 1982). ' 

Mse Baxter closely followed the Exploring ScimoB textbookt reading the 
text ulth her class and doing the suggested experiments and demonstrations* 
She covered everything in the text and added a few supplemental materials and 
activities* She rarely planned more than one day ahead. 

Although Mse Ross believed that she was following the recommendations in 
the SCIS teacher* s guide closelyt Smith and Sendelbach found that she unin* 
tentlonally diverged from those recommends lAons at numerous points* In 
particulart she tended to curtail or omit class discussions designed to help 
students think meaningfully about the activities they were doing* Her plan* 
Qlng generally focused on materials and the tlmln,*; of activities) she con- 
sidered what her students might learn from those activities only if she had 
time in the few minutes immediately before class began* 

With their heavy focus on management deUils» the actlvi^^driven 
teachers were generally not aware oft or concerned about» their students* 
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conceptual 41ff Icultlaa* In evaluating the aaccesa of their teaching they 
focuaed on management and atudent Intereat and behavior rather than atudent 
learning. 

Dldafetlc teaching . Moat of the Uacheta ualng the Exploring Saienoe 
textbook regarded the text aa a repoaltory of knowledge to be taught to the 
atudenta. Not auapectlng the exlatence of atudent mlaconceptlona» they 
remained unaware of them throughout the unit. There la no evidence that the 
\ textbook authors were aware of the mlaconceptlona either^ Aa a reault» the 
teachers failed to detect evidence that their atudents were Interpreting much 
of the text Information in terma x>f their mlaconceptlona and were having 
trouble undeVatandlng certain crucial new Ideaa. Consequently! noat atudenta 
remained committed to their mlaconceptlona. 

Teachera taking a didactic approach for whom caae studies have been 
developed Include Ms. Rosal (Slinger^ C Anderaon> & B. Smithy 1983) and 
Ms. Lane (Eaton^ C. Anderson^ & B. Smithy 1984). Both Ms. Rosal and Ma. Lane 
were exce ^^^^8 ^^^^ obaerved. They began planning 

^helr units well before they taught» locating and reading additional informa^ 
tion about light and its properties and aearching for aupplemental materials 
and teaching ideaa. Their teaching waa well organiaed> carefully planned^ and 
Interesting to the students.. 

All of these virtues^ howeyeri were not enough. Most of the students 
were still committed to their mlaconceptlona about light and color at the end 
of the unit. Like other teachi^rs who taught in a didactic manner^ Ma# Roaal 
and Ma. Lane had preaented the acientific conceptions in a manner that pre« 
eluded expreaaion of the children^ own thinking about light. Aa a reault^ 
they never became aware of their atudenta misconeeptionsi and their atudenta 
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never became enete of the conflict between what* they were being taught and 
their own previous Ideas* 

Some of the SCIS teachers also taught didactically. The^ followed many 
of the suggestions In the teacher* s gulde^ but attempted^ to guide the discus- 
sions with Improvised convergent questions and hints so that a story line 
emerged to explain the results obtained (Smith & Andersonp 1983) • this tended 
to mask student misconceptions* Their occasional emergence went unnoticed and 
unchallenged. 

The students* misconceptions made the story line difficult for them to 
follow; many could not follow It. They continued to Interpret their classroom 
experiments In terms of their misconceptions. Although some students were 
able to follow^ this story llne^ they usually acquired the new concepts wlth« 
out reconciling them with their misconceptions. This resulted In serious dls- 
tortlons In the conceptions these students developed. 

Discovery teaching . Several of the SCIS teachers tried to avoid telling 

^^5^^^^ ^ ^^^^^ !^^^4?il^^» l!!!^?J?H their cwn lde^^ 

from the results of plant-growing experiments. In so dolngt the teachers mis- 
interpreted crucial parts of the SCIS teacher* s guide t which call for direct 
presentation of the concept of photosynthesis during the **Inventlon** portion 
of the SCIS Learning Cycle. Ambiguities In the teacher* s guide and the per- 
ceptlon that SCIS was strictly a discovery programt however^ prevented these 
tiachers from understanding the nature of **Inventlon** as Intended 1^ the SCIS 
developers. 

Most of these teachers were also unaware of the importance of the stu- 
dents* misconceptions and did not understand the intended function of specific 
teaching suggestions in challenging them. They often asked students to inter- 
pret their observations in ^en<*ended ways when the teacher* s guide suggested 
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qutatlons that would Uad students to eonsidor speeifle theoretical issues. 
In the absence of direct inforsation and feedback fron their teachers* most 
students used their misconceptions as the basis for interpreting the plant- 
growing experiments. They did not develop a scientific understanding of 
photosynthesis as pot'trayed in the teacher's guide. 

Hs. Howe (E. Smith & C. Anderson, in press) interpreted SCIS as a dis- 
covery program. She found it very frustrating that her students were unable 
to invent the concept of photosynthesis on their own» even after conducting 
the plant-growing experiments* and ultimately decided that the SCIS program 
was inadequate for teaching students about photosynthesis. 

Other discovery-oriented teachers d^alt with their students* failure to 
invent photosynthesis by concluding that the invention of photosynthesis was 
not the goal or main point of the unit, that the process of conducting experi- 
ments and thinking about their implications was more imporUnt than the 
specific scientific concepts that might be developed through that process. 
Although the vagueness of the Uacher*s guide makes this interpreution 
defensible, we do not Wlieve that it is consistent with the structure of the 
Coimmitie9 Unit as a whole. If students are to undersUnd the functioning of 
a biological community, they must come to know that plants are producers! 
Plants make their own food through the process of photosynthesis. 

In general, the discovery-oriented teachers became more aware of their 
students' misconceptions than did the activity-driven or didactic teachers. 
Because they lacked an adequate strategy for teaching the scientific concep- 
tions, however, they were no more successful in helping their students undergo 
conceptual change. The result was that several of the discovery- oriented 
teachers found themselves frustrated and disturbed by the contrast between 



their atu^nta* actual undatatanding and what they wanted their studenta to 
underatand* 

In contraat to the three approachea Ju8|t deacribedi a conceptual change 
•pproAch intentionally addressos the problem of getting students to change 
their mlaconceptions and adopt the intended goal conceptions (see pp. 19-23) • 
The Exploring Soimae program did not address the problem of conceptual 
change,. While the SCIIS and SCIS II teacher's guides did reflect a conceptual 
change approach, none of the teachers in the Year 1 study fully implemented 
it. Thus the major task we faced In Year 2 of the project was designing trays 
to help teachers implement a conceptual change approach to teaching. 

Teachers' Information-Processing Limitations 

Each of the approaches to teaching we observed in Year 1 was inadequate 
in that it failed to produce, conceptual change (see Table 1) in most students. 
It was clear, however, that simply providing teachers with information about 
their students* misconceptions or appropriate teaching techniques would not be 
-suffi ci en t to chang e th e ir approac hea to taAching. -TheJSCXS. t ea cher s, in — ~ 
particular, were experiencing difficulties because they were failing to make 
use of information that was already In the teachers' guide. " 

Ue believe that both of the essential insights of cognitive science dis- 
cussed earlier are necessary to explain this failure. The teachers' diffi- 
culties were due in part to the effects of thei^ cognitive structures. They 
depended on their own previous ideas about JtMching and learning as they 
interpreted the teacher's guide. Thus/wey failed to' recognise the unusual 
and sophisticated strategy implicit in the SCIS Learning Cycle (E« Smith & C. 
Anderson, 19S3), 

/ 
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Th« t€«ch«r$* iftfotttation^proeesslng limitationa alao played an eaaantlal 
role* Teaching an activity •baaed program like SCIS ia a complicated and mul- 
tifaceted endeavor* In fact» the teachera were flooded with ao much j^nforma* 
tion and ao many problema that they had to ignore aomething* Under theae flr« 
cumatanceat it la not aurprialng that a dlacuaalon of the SCIS Learning Cycle 
in the Introductory material and a few referencea to atudent mlaconceptiona 
did not get the attention our reaulta itidicate they deaerved (E« Smith & 
C« Anderaont in preaa)* 

Year 2 Reaulta 

During Year 2$ we developed and field** tea ted improved curriculum 
materiala* The reaulta from the firat year made clear the nature of the taak 
to be done* Ve needed to develop curriculum materia la that helped teathera 
become aware of » and reaponaive to» their atudenta* mlaconceptiona but did not 
increaae the teachera^ information-*proceaaing load* 
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Modifjring the Program Materiala 

tfe- began modiiy^ing the fMPOgtam materiala with an undera tending that al«» 

though neither program waa aucceaaful in inducing conceptual change^ the rea<* 
aona for their failure were quite different* The ExptoHng Soi«no0 textbook 
waa aimple to uae» but it embodied a didactic inatructional atrategy that waa 
inadequate* The SCIS program > on the other hand> waa baaed on a aophiaticated 
atrategy for conceptual change^ but teachera failed to implement thia atrategy 
due to dlfficultiea with the content and organiaation of the teacher* a guide 
and the complexity of teaching actlvlty-baaed acience* Inatead> they inter* 
preted the teacher* a guide aa embodying alternate atrategiea (activity^driven» 
didactUi or diseov«cy) that they understood better and that were elaplttt to 
use* Given Che differences in the programs* we chose to modify them in dif* 
fetent waya* 
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A aeri«« of 13 •uppltmenUt traaspareticidt was created for the textbook 
/ teachers* Bach transparency presented a situation and asked a question that 
/ could be answered using either the students* misconceptions or a scientific 

conception of llghtt An overlay presented a scientific answer to the ques- 

■ 

tlon* An accompanying teacher* s. guide (C# Anderson & E* Smithy 1983c} 
described student misconceptions and contrasted them with the scientific 
theories* A sample j^ge from the teacher* s guide is illustrated in Figure I* 
For SCISi modified teacher* s guides were developed to clarify the 

I 

I instructional strategy implicit in the teaching suggestions (£• Smith & 
^ A* Anderson^ 1982)* The modifications were designed to (a) make the nature of 
student misconceptions clear to the teachers^ (b) help the teachers understand 

H \ 

how each suggested activity contributed 4o the development of students* under* 
standing I and (c) reduce the inf ormation-^processing demands on the teacher 

during planning* 

/ 

Class t^oom Observations for Year 2 

The modified materials changed the classroom behavior of both textbook 
and SCIS teachers* 

The six textbook teachers we observed (four of whom had also been 
observed during the first year) commented that the transparencies and accom* 
panying teacher* s guide had helped them to clarify their understanding of what 
they should be Uaching and why. During class they were much more likely to 
require students to explain their thinking about light and seeing* They also 
gave students more specific feedback, indicating ways in which the students' 
ideas about light or vision were deficient. The teachers also placed more 
emphasis on crucial concepts, rather than treating the contents of the text- 
bti^ok as a list of facts to be presented and discussed one at a time (C* 
Anderson & B. Smith, 1983b). 
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1 El- 


Q. When sunligW s+ril<«« V** 
ijt helps the boyjt) see +he W 
How does IT do Ttiis r 


.Q.When sunligli^' s+r^kes +he -h-ee 
it helps The boy to see The Tree. 
How does H- do this ? 

J^^ Some the liflh+ bounces 
(is retlecTed) off.the tree and 
goes to The boys eyes. 



U How Light Helps Us to See (page 145) 

Common student answers * Many of your students will probably give answers 
like these to the question t 

"The sun shines on the tree*" 
"The light makes It brighter." 
"You can't see In the dark*" 

Although these answers are not wrong, we find that children who give 
answers like those above often do not understand the role that yafleoted lifflt 
plays In seeing* They tend to believe that we see objects dlrertly rather 
than detecting light that Is reflected from objects* They also commonly think 
of light as e condition (like warmth), rather than as a form of energy that 
travels through space. 

Textbook answer * The arrows on the transparency make It possible for you 
to follow ihe path diat light takes to the boy's eyes. Notice a»at the boy 
does not see the object directly* Instead he sees the light that la refUoM 
from the tree and reaches his eyes* 



Flgiiri* I.' Sample page from teacher's guide. 
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The four SCIS teacherSi t^V^f whpm had par tic 1 pa ted in the first year of 
the atudyi reported thtt the revls^ed guide made their planning eaeier and im«* 
proved their understanding of specific teaching suggestions. Ue saw evidence 

\ 

of increased use of the teaching suggestions in their classrooms. Key ques<* 
tions were usually posed and all of the teachers presented information about 
photosynthesis at the appropriate points* Honeveri there was considerable 
variation In the degree to which the teachers became aware of and directly 
challenged their students* misconceptions and in the emphasis placed on the 
Invention of photosynthesis. 

The teachers reflected varying combinations of hesitency to go against 
their previous approachi failure to recognize indications of student mlscon* 
ceptions» and inadequate understanding of the functions of some of tiio teach- 
ing suggestions in challenging student misconceptions* These results suggest 
that the revised guide was more successful In limiting information-processing 
demands on teachers than in helping them fully implement a conceptual* change 
approach to teaching* 

There appear to be several reasons for these results* We did not ade- 
quately anticipate ^ the teachers* alternative views and approaches ^E* Smith & 
C« Anderson^ 1983) and| therefore! did not adequately emphasise thofie aspects 
of the guide most likely to be misconstrued or overlooked* Neither did we 
give adequate guidance for interpreting anticipated student responses in terms 
of student conceptions* 

Other reasons for these results relate to the Instructional strategy 
itself* The complexity of the strategy makes It inherently difficult to fully 
grasp* Also» ambiguities In the empirical results of the students* experi- 
ments made some key stratc^glc moves less attractive to the teachers* Finally^ 
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the strategy falls to address certain aspects of students* lalsconc^intlonst 
especially the underlying conception of what cons tltu tea **food** and why« 

Overall » the observed changes In the behavior of both the textbook and 
SCIS teachers showed movement toward a conceptual change style of teaching. 
The textbook teachersi In particular^ were far more sensitive and responsive 
to their students* misconceptions during Year 2. 

Student Learning for Year 2 

The student test data for Year 2 showed results roughly parallel to those 
shown by the classroom observational data. The textbook teachers were much 
more successful in changing their students* conceptions of light than they had 
been the previous year. The result^ for two of the most important goal con* 
captions are presented in Table 2. Results for other concepts were similar 
(C. Anderson & E. Smith» 1983a). 



Table 2 

Percentage of Students Understanding Two 
Important Concepts About Light and Seeing 



Year 


1 


Year 


2 


Pretest 


rosttest 


Pretest 


rest test 


People's eyes detect reflected 5 


22 


6 


78 


llftht. 








People see the colors of 2 


14 


2 


39 


reflected light* 









The analysis of SCIS data shows no overall Improvement in student leani* 
lag between the two years. Ue attribute this to several factors. As dis- 
cussed above » the revised guide was only partially successful in improving 
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;^.«.(|eh«rsV «t»^r«n«tt of students* misconceptions and the role of specific 
teaching suggestions in ehsllenglng them. Beyond this» however* there is 
evidence that a deeper misconception about what constitutes food for plants 
existed that was not addressed by the SCIS strategy (Roth, E. Smith, & 
C. Anderson, 1983). Although students may come to believe that plants make 
food, they do not see that as inconsistent with the plants also taking in food 
from other sources. The contrast between the first and third rows of Table 3 
illustrates the number of students who fell into this category. The SCIS 
strategy does not provide a basis for rejecting the idea that any materials 
plants take in from their environment constitute food. 

A furthet problem is reflected in the second row of Table 3. Few of the 
students understood the relation between light and the making of food. The 
strategy in the SCIS unit requires that students come to view light as e<^3en- 
tial for plants to survive. The ambiguity in the empirical results the 
students obtained in their experiments appeared to move some students away 
from this belief. (In the hands of fifth graders, it was not unusual for 
plants grown in the dark to live as long as plants grown in the light). Our 
suggestions to help reduce this ambiguity in Year 2 did not result in much 
improvement. For e^cperiments to play their intended role in conceptual 
change, the results must be clear and reliable. Ambiguity in classroom dis- 
course snd loose framing of the issues in teacher questions also contributed 
to the problem (E. Smith & Lott, 1983). 

SCIS Year 3 Results 
Although not a part of the PTIS Study, a subsequent study was conducted 
that Involved a more fundamenUl revision of the SCIS strategy. Kathleen Roth 
developed a unit {Food For Flante) that used the SCIS investigations but also 
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Table 3 

P«rc«nt«ge8 of Students Reflecting Understanding 
of Important Concepts About Plant Growth 



18 



Year I 



Pretest 



Posttest 



Year 2 
Pre test Pos ties t 



Plants do not take in food 
from their environment, 
they make it. 



11 



Plants make food only in 
the light. 



17 



Plauto make food. 



58 



16 



Included text materials and expanded use of student writing to attack airectly 

th« dtudenta* underlying misconceptions about food and to improve student un«* 

/ 

derstanding of the nature of scientific explanations (Roth» 1983) • ^Iso^ 
teaching suggestions vers Integrated into these materials in ways tijat reduced 
the informs tlon«*processing load on teathers. These materials nere Atsed with 
three classes by a teacher who had patticipated in Years 1 and 2 of the study. 



Preliminary analysis of the results indicates that there were substantial 

/ • 

changes in both teacher behavior and student learning) these chaj^ges were com- 
parable in magnitude and direction to those obtained in Year 2 for the text* 
book teachers (Roth» in press). 

Discussion 

The study reported here and the related concfptual^change research 
warrant at least tentative acceptance of the following assumptions, about 
teaching and learning* 
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1. Students often hevt aliconceptlons thet differ In Important ways from the 
scientific conceptions teachers want students to learn. . 

2. Students' misconceptions influence students* behavior and interpreUtlon 
of instruction. " 

3. If Instruction does not take these misconceptions into account, many stu- 
dents will misinterpret instruction In ways that interfere with intended 
learning. 

4. Teachers' use of instructional materials reflects teachers' conceptions of 
teaching end learning, Uachers' pattema of planning and resulting infor- 
mation needs, and features of the materials themselves. 

5. Few materials take into account the existence, much less the specific 
features, of student misconceptions. Pew teachers have a conceptual- 
change conception of teaching and learning. They therefore usually have 
difficulty in interpreting instructional materials and suggestions that x 
reflect this conception. 

\ 

These claims point toward a new relationship between research and prac- 
tice. Indeed, the results of this project are a demonstration of the poten- 
tial of this new relationship for improving teaching and learning. Research 
examining students' misconceptions and experience of instruction on a particu- 
lar topic can be used to develop strategies and materials that are mc^ more 
successful in bringing about student learning of scientific conceptions. 
Further, research ei^mining teachers' conceptlcra» cf teaching and learning, 
use of materials in planning, and information needs can be used to develop 
instructional materials that communicate effectively to teachers and that 
teachers can effectively use. 

This study and related research on conceptual change have implications 
for curriculum development. Foremost, this work implies that the cognitive 
science-based tools now available enable significant improvement in teaching 
and learning through appropriate research and development of instructional 
materials and strategies. More specific Implications are described below in 
terms of (a) necessary or desirable features of instruction, (b) knowledge 
needed by teachers, and (c) desirable features of instructional Mterials. 



\ 
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DealrabU Ftaturat of Inatructlon 

This section Is bssed oa the requirements for conceptual change proposed 
by PosMVi Strlkei^ Hewsoai and Geruog (1982)* For Instructloa to be succeas^ 
ful la achieving conceptual changei it must meet each of these requirements. 
Posner and his colleagues and others (Hensoui 1981} Mussbaum & Movicki 1982) 
have suggested tactics for achieving these requirements. Ve do not reiterate 
all of their points here^ but rather emphasize some of them and make addition^* 
al points emerging from our own %»ork« 

We believe that the successes we have had in achieving conceptual change 
in relatively large proportions of the students we tested and observed are~^a 
reflection of the success, of the instruction in mieeting these requirements. 
While our analyses do not enable us to determine with certainty which aspects 
of instruction were primarily responsiblsi the following paragraphs represent 
our best interpretation of the mechanisms by which this success was achieved. 

Instruction should lead students to become dissatisfied with their 
misc onceptions . In the instructional materials we developed and the success** 
ful instruction we observedi this requirement has been addressed primarily 
through posing questions to draw out anticipated misconceptions 9 directly 
challenging anticipated misconceptions » and explicitly contrasting anticipated 
misconceptions with the scientific alternatives. 

Consistent with suggestions in the literature! the successful instrui(tion 
has posed questions designed to draw out anticipated student misconceptions; 
These questions frequently required students to make predictions and give 
explanations of specific phenomena. Such "exposing events" (Mussbaum & 
Movlck, 1962) Increase both the teacher's and students ^ awareness of the stu- 
dents* mlsconceptioQSt 



21 



The succeiiful Inatritetlon Included direct challenges to anticipated 



student miaconceptiona* Such challangea involved developing and dlacuaaing 
expetimMital reaulta contrary to atudent predlctlonat focuaing queationa on 
aapectf of phenomena not explained by the atudenta^ miaconceptionai .and 



pointing out inconaijitenciea betneen aspects of atudenta* miaconceptions and 
other knoifledge* Tiie aucceaaful ^atruction also emphasised direct and* 



exp 



Icit con traa ting of the atudenta^ niaconceptiona with the acientific 



altfmatlvea# Frequently! theae contraatSa Involve Juxtapoaing atudetit 
exp anationa with acientific, eiqp Una tiona of apeclfic phenomena being con«* 
aid^red* 

In aummary> the aucceaaful inatruction included many inatances in which 

/ 

anticipated miaconceptiona were brought out and challenged* In our jud^ementi 
theae inatancea were aucceaaful in leading many of the atudenta, to b^ome dia** 
satisfied with their miaconcej;>tiona* Many of theae inatancea iay atfo have 
Contributed to the. inatruction meeting aome of the other requireolenta aa well* 

Instruction ahould develop an initial^ minimal underatandin^ of the 

scientific conception * This requirement does not imply that a minimal under-* 

\\ ■ 

standing ia all that ia aought^ but rather that atudenta must conatruct an 
«d«quate InltUl representation of the scientific conception as a tMSis for 
comprehending further information about it and differentiating between it and 
their misconceptions* Helping students accomplish this crucial step is ^par- 
ticula'rly difficult and| we believei a point at which instruction often breaks 
down* Students often either (mis) interpret information about the new concep- 
tion in terms of their misconceptions » find it unintelligible and ignore it, 
or Mrely memorise the information to pass a test* 

.The successful instruction made the new scientific conception explicit in 
some form* While this always involved some verbal expression» the ''invention" 
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(Knott €t al»> 1978) also sometlmaa includad diagrammatic representations or 
analogies* Suecessful Instruction always involved presentations in which the 
scientific conception was emphasised and not Just presented as one of many 
eqMal pieces of information. The major presentations of the scientific con« 
ceptions were usually in the context of applications to phenomena with which 
the students had already developed some familiarity* furthermore^ the stu* 
dents were frequently required to immediately apply the new scientific concept 
tion in attempting to explain those phenomena* These applications helped stu« 
dents make sense of the scientific conception and provided teachers with 
feedback on the students^ comprehension* Teachers then provided students with 
corrective feedback* The successful teachers usually gave carefully developed 
explanations of the conception we had suggested they emphasise* For the Food 
for PlantB unit (Roth> 1983) » the successful teacher included in her presenta^ 
tion explicit attention to likely misinterpretations of the scientific concept 
tion* . 



The successful instruction usually included several opportunities for the 
students to develop an initial minimal understandinjg of the new scientific 
conception* So impottant was this step that the major presentation and the 
application to familiar phenomena were repeated tiore than once* In addition^ 
students had opportunities to refine their understanding as the scientific 
conception was applied to new situations* Such applications are discussed 
further In the section on developing the students' sense of the fruitfulness 
of a scientific conception* 

Instruction should make the scientific conception plausible * A new 
scientific conception nay Inltiallx strike a student aa implauaible* The atu- 



dent might then dtsmiaa It out of hand or reinterpret It Inappropriately In an 
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effort to make It mote pUuslbU* Thus thi« requirement is closely related to 
the previous requirement* The emphasis on applying the nen scientific concept 
tion to familiar phenomena together with success in overcoming misinterprets* 
tions appear, to have enabled the successful teachers to make these scientific 
conceptions plausible to their students* 

Our analyses of instruction and the students* conceptions have identified 
potential sources of counterintuitiveness that could ^e used in future in* 
structional efforts* For example^ students sometimes find the idea that 
people see objects by detecting light reflected from them implausible because 
they don^t believe that non»shiny rbjects reflect light* Development of the 
idea that even non*shiny objects reflect light (diffusely) would be useful in 
making the new conception more plausible* Anticipation of ways in which a new 
scientific conception might be counterintuitive can help a teacher teach 
better* 

Instruction should increase u ^ students' sense of the scientific 
4 conception's, fruitfulness * Even when students do develop minimal understand* 
ing of a new scientific conception, and find it plausible^ they may continue to 
use their misconceptions to organise and interpret any new information or 
phenomena that they encounter* Students must tome to sense the fruitfulness 
of the scientific conception if they are to choose it as the basis for further 
thinking. The successful instruction included opportunities for students to 
apply the scientific conceptions to a variety of situations in such a way that 
the relationships between the scientific conception and its applications were 
made explicit* 

It Ukes s lot of effort * In these paragraphs we have described features 
of Instruction that was successful in achieving intended changes in the 
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conceptions of a ftUtlvtly large proportion of the students in the 
participating classes* This success was achieved only after considerable 
effort to determine the obstacles t6 student learning and to provide teachers 
with Mans to improve their instruction* While much remains to be done to 
further understand these features of instruction and their contributions 9 we 
feel that the success achieved to date warrants continued work* 

t> 

Knowledge Needed by Teachers 

Any kind of teaching requires knowledge on the part of the teacher and 
those who develop materials for teachers* However^ various approaches to 
teaching require different kinds and amounts of knowledge* 

The activity-driven approach described earlier requires knowledge of what 
students are to do and procedures for getting them to do it* Detailed knowl^ 
edge of the learning goals and the learning functions of particular activities 
are not essential* 

The discove-^ and didactic approaches require not only knowledge of 
activities but knowledge of the functions of those activities in relation 
to specific learning outcomes* While the didactic approach requires detailed 
knowledge of content to be presented and a story line that connects this con«* 
tenti the discovery approach requires detailed knowledge of the observe tionp 
that will form the basis for student discovery of new Concepts* 

Teaching for conceptual change is unique in requiring knowledge of stu« 
dents' misconceptions 9 the goal conceptions that students are to develop 9 and 
the pedagogical tools ky which students will be encouraged to give up their 
misconceptions and construct and develop commitment to more scientific alter- 
natives* In the following paragraphs we elaborate the knowledge requirements 
implied by the features of Instruction described in the previous section* 
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While all of this knowUdge is iaUrreUUd, v« have organised the 
PWtenUtlon In teens of knowledge of content, knowledge of students, and 
knowledge of activities. 

i 

Knowledge of content . Teaching for conceptual change requires sound 
knowledge of the topic under study. In particular. It requires undersUndlng 
the organising conceptions underlying the topic and a variety of applications 
of those conceptions to specific phenomena. Rathei? than being organised as a 
string of facts as was typical In the didactic approach to teaching, knowledge 
of the topic la organised around basic underlying conceptions. The develop- 
ment of student uindersUndlng of these basic conceptions Is the primary learn- 
ing goal of Instructions Thus knowledge of these particular goal conceptions, 
as distinguished from a variety of auxiliary Information, Is essential. 

The Instruction characterised In the pre^^^s section makes considerable 
use of applications of the goal conception to various phenomena. Such 
Instruction requires knowledge of these applications. Furthermore, It Is 
essential that the Uacher undersUnd specifically how the goal conception 
applies to these phenomena, a condition often not Mt In the less successful 
Instruction we observed. 

While this knowledge of content has been described In Isolation from "our 
characterisation of required knowledge of students. In practice, the goal con- 
ceptions and applications are understood more completely In terms of their 
contrast with student misconceptions. 

Knowledge of students . While all of the approaches to teaching described 
here require some knowledge of how students will typically respond to instruc- 
tion, conceptual-change Instruction Is unique In requiring knowledge of the 
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Mttttt of thi mltcoabeptlont students bring with them to instruction and the 
manifestation of those misconceptions in applications* 

Knovledge of the kinds of explanation that studen ts tend to give is also 
important* For example^ student tendencies to explain phenomena in terms of 
empirical factors that constitute^ in essencoi circular reasoning (as nhen 
students explain that plants need light because they can*t live without it)» 
need to be contrasted with the kinds of explanation represented by application 
of the goal conception* These explanatory jtendencies are part of the prior 
knowledge or **conceptual ecology** (Strike & Posner^ 1982) that students bring 
with them to instruction* It may be necessary to take into account such 
tendencies or even change them in order for the intended conceptual change to 
occur* Indeed this might be viewed as a form of conceptual change in itself* 

The knowledge of content and students* misconceptions together represent 
knowledge of the goal of conceptual change teaching* That is» they represent 
detailed knowledge of the changes to be brought about through instruction* 

Knowledge of activities * In contrast to activity**driven teachingi con* 
ceptual^change teaching requires more than simple knowledge of what to do^and 
how to do it* Conceptual^change teaching requires knowledge on which to base 
diagnosis and interpretation of the significance of student behavior and 
appropriate contingent teaching strategies* To be successful t conceptual* 
change teachers oust know vhen and how to apply each of the strategies Just 
described* and they laust do so while tuccessfully coping with all of the nor* 
coal demands of classrooa nanageaent and organisation. 

Desirable Featares of Instructional Materials 

The Instructional materials available to the teachers we observed were 
not well suited to conceptual -change teaching, they either failed to address 
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the probUa of eonc«ptu«l .eh«nse or failed In their effort to communicete 
neeessery Inform* tion to teeehers. In our efforts to help teechers more 
•ucc eeef ully promote conceptuel change, we developed materials that, in addi- 
tion to reflecting conceptual«change strategies, addressed the goals of (I) 
providing teachers with needed information, (2) limiting information pro- 
cessing demands on the teacher to realistic levels, and (3) promoting concep- 
tual change in teachers as they used the materials. Feedback from teachers 
and increased student learning indicate that these goals were achieved to a 
significant extent. In the following paragraphs we will describe the features 
of the instructional materials that addressed these goals. 

Instructional materials shouM provide information needed by teachers * 
The Instructional materials we developed made explicit information about 
content, students, and activities. The materials provided information about 
goal conceptions and their applications to phenomena, expected student 
responses to diagnostic questions and aids to interpreUtion of students' mis- 
conceptions, contrasts between students* misconception^ and goal conceptions, 
and various specific teaching suggestions to help promote conceptual change in 
students. Also made explicit were tl|ie functions of the suggested teacher 
behavior in the conceptual-change process. For example, the purpose of par- 
ticular questions in bringing out or challenging student misconceptions was 
indicated. 

While inclusion of this information within the instructional material was 
necessary, simply making it explicit was not sufficient. Our research indi- 
cated that if teachers were to have access to this information, it would have 
to be presented so as to not produce an information overload* 
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Instructional roattrtals should not overload th< teacher's Inforaation* 
processing capacity * One way we addressed the need to limit information* 
'processing demands on t^ie teacher was to include information in materials 
directly used by students whenever possible. For example, we built diagnos- 
tically useful questions into overhead transparencies (C. Anderson & 
E. Smith, 1983c) and a student text (Roth, 1983). Freed from having to think 
about the specijific wording of the questions, teachers could focus their atten- 
tion on studeiiit responses. Formulations of the goal conception were also 
included in the student materials. In some instances, information about . 
anticipated student misconceptions was also included in student materials 
along with explicit contrasts between these and the goal conceptions (Roth, 
1983). , 

Information needed only by the teacher was organized and located accord- 
ing to whether it would be needed for long-term, weekly, or daily planning and 
preparation. Information was presented in clearly identified and stable loca- 
tions within the materials. Whenever possible, information was located in 
portions of the materials that the teacher would be using when the information 
was needed. For example, information about anticipated responses to diagnos- 
tic questions was included near the statement of the questions in the teach- 
er's version of the student materials (Roth, 1983). 

The large volume of information required for a given unit led us to break 
the instruction uown into meaningful segments or chunks. The organisation and 
rationale for each unit could be understood in terms of the chunks and their 
interreUtionships. However, the detailed information relevant to each chunk 
could be dealt with one chunk at a time. For example, a three-week investiga- 
tion in the SCIS unit was broken down into a series of lessons and activities. 
This organisation was presented as an overview of the investigation along with 
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tt brief ntrrativt deterlptlon of the strategy for the chapter end the function 

of the activities in bringing about a specific change in student conceptions. 
However* the detailed teaching suggestions were presented on an activity by 
activity basis. 

In aome Iii0taiice8» the Inherent complexity of activities oade teaching 
them especially difficult* In such cases ne simplified the activities In ways 
that would not compromise their major Instructional contributions* 

In sumt these features of the Instructional naterlals were Incorporated 
to allow us to communicate additional Information to teachers while at the 
same time limiting or even reducing lnformatlon«»processlng demands* 

Instructional materials should promote conceptual change In teachers * 
Teachers* Interpretations of Instructional materials are governed In «part by 
their conceptions of teaching and learning* Thus to have access to the Inform 
matlon In the teachers* guide and to Incorporate suggested features In ln« 
structlon» the teachers must develop a conceptuaI*change conception of 
teaching* The teachers* use of the teachers* guide must help teachers develop 
this conception as distinct from tlte actlvlty«drlven» discovery » or didactic 
conceptions with which they might otherwise Interpret the suggestions* The 
Instructional materials were designed to promote such conceptual change 
through both use of the materials per se and through the Interpretation of 
student behavlot* 

A conceptual«»change conception of teaching and learning Is built Into the 
very fabric of the Instructional materials* The learning goals are stated as 
desired conceptual changes t and both probable student misconceptions and goal 
conceptions are made explicit* The function of activities and teaching strat- 
egies in promoting conceptual change In the students is also made explicit* 
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Vhila these feetures ate ImporUnt, we believe the most powerful device for 
pronotlng eoaeeptuel change !n teachers lies In helping them Interpret student 
responses* i 

the Instructional materials that we have developed make use of a feedback 
loop, w^lch begins with the diagnostic question Included In the student or 
class materials. The accompanying teacher materials provide Information fbout 
anticipated student responses and th^lr significance In terms of student con- 
ceptions. The teachers are thus enabled to perceive student conceptions, In- 
cluding misconceptions, In the students* responses. This Increased awareness 
of student conceptions, together with Information about the contrast between 
student misconceptions and the goal conception, form the basis for the teach- 
ers* understendlng of the Instructional goals and the Intended function of 
various teaching suggestions. We have observed that teachers using the mate- 
rials have been able to Improvise and supplement the suggested strategies as 
needed to encourage student learning. 

As Implied, we do not view It as essential that teachers complete this 
Importent conceptual change befote-. beginning to use the materials. Rather, 
this process can continue gradually ^ teachers use the materials In conduct- 
l;ig Instruction. Although Inservlce education can undoubtedly contribute to 
the conceptual-change process. It need not carry the entire burden. Further 

research will be needed to ^letermlne the potential contributions and cost 

■ 1 

\ 

effectiveness of these two means of promoting teacher development fe^ concep- 
tual chanibe teaching. ^ 
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Appendix 



AnnotaUd Bibliography of PubLicatioM 
Based on the Planning and Teaching 
Intermediate Science Study (PTIS) 



\ 



/ 



ERIC 



39 
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Publications Currently Available In the Research Series 
of the Institute for Research on Teaching (IRT) 

R.S. 89 The task features aoalytls system . N. Undes, E.L. Smith, & C.W. 
Anderson, 1|991. 92.30 

This ttsnual describes the system used to analyse Uacher*s guides for the 
^' PtIS Study. .Each section of the teacher's «uide is broken in^o a series of 
classroom Usks, and key features of those Usks are described in a way tltat 
facilitates comparison tilth observed classroom instruction. 
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R.S. 90 An instructional system for observing and analyslnR elementary 
etigooj science teacintngt a user's ma nual. R. woilon, C.W. 
Andersya, & 5.L. Smith, 1981. $3.30 

r ' 

This msnual .inscribes the classroom observational procedures used for the 
PTIS Study. Instruction is divided Into a series of classroom tasks, and both 
narrative and coded^,data are produced. In conjunction with R.S. 89, this 
manual can be used %o produce systematic comparisons between classroom In- 
struction and the teacher* s guide on which the instruction is based. 

\ ■ 

R.S. 172 Plants as giyoducerst A tase study of elemenary science teaching . 
E.L. Smith ^ Anderson, L983. ?9.00 



(An edited^ rs ion of this report has been accepted for publication 
in the JoumAl of Research in Science /Teaching.) 

This psper reporis i case study of a teacher trying to teach her a^tudents 
about photosynthesis ^slng materials from the Science Curriculum Improvement 
Study (SCIS). It describes her attempts to implement what she viewed as t|ie 
activity-based, discovery teaching strategy of SCIS, and her growing disillu* 
alonment as she found that the students consistently failed to interpret 
results of their experiments as she had anticipated. It shows how a knowledge 
of the students* misconceptions mskes their reactions understandable and how 
the teacher's interpreUtion of the SCIS teaching strategy prevented her from 
taking actions »that might have helped the students overcome their misedncep- 
tlons. An analysis of the difficulties created by the style in which the SCIS 
teacher's guide is written and suggestions for improvement are included. 



* To order, please send, check, money order, or prepaid purchase order (payable 
to Michigan SUte tiniversity) to IRT Publications, 252 Brickson Hall, Hichigan 
SUte Oniversity* East Unsing, MI 48824-1034. Michigan residents should add 
a 4% state sales tax to all orders. Foreign orders oust be paid by either en 
intemationikl aoney o^der or a check drawn on a U.S. bank. Please allow four 
to six weeks for delivery. 
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R.S. 128 Student!* misconceptions Interfere with learnlngi Casa •tudlas of 
tmh'greai students * J»y» Uton, u»w» Anaeraon, ft awnn, 
1933. ^3.08 

(An edited version of this report, which Is based on a paper 
presented at the 1982 convention of the National Association 
for Research In Science Teaching (MARST), has been accepted 
for publication in The Elementary School Journal .) 

The report focuses on the dlfflAultles experienced by six students, three 
in one claaiiroon and three in another, who were studying light. It describes 
the students' aisconiceptions about light, and it shows how the treatment in 
the textbook the studenta were ualng (Laldlaw Bro there Exploring Science) and 
the inatructlonal methods used by the teachers failed to overcome most of 
those misconceptions. The report concludes with suggestions for improving 
textbook development and teaching methods. 



R.S. 129 Studying light in the fifth gradei A case study of text-based 

science teacfting . L.A. silnger, C.W. Anderson, & B.L. Smith, 1983. 
93.25 

This report describes the planning and teaching methods used by one 
teacher using the Laidlaw Brothers' Exploring Science text. She was a highly 
enthuaiastic teacher who used .a variety of methods to enrich her studenta' •x- 
perieneea and make them interesting. However, because she viewed learning aa 
a proceaa of adding knowledge to what her students already knew, and because 
the textbook failed to inform her about common student misconceptions, she 
never became aware of aome of he<r atudents' most important problems, and her 
students ended the unit without understanding certain key concepta concerning 
the nature of light and how people see. 
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R.S, 130 Tyanaparencies on lights Teacher's manual . C.W. Anderson & E.L. 
Smith, 1983. ?9.0Q 

This manual illustrates and describes how to use the 13 tranaparencies 
that form' the basis for the successful treatment conducted during the Second 
year of the PTIS Study. Bach transparency ia illuatrated. An accompanying 
commentary contraats common student anawera to the questions asked on the 
transparencies with the scientific answers provided in the Laidlaw Brothers 
Exploring Science textbook. A series of Ubles at the and of the manual 
deacribe common student misconceptions about light and contraat them with 
aclentific conceptions. 

R.S. 139 Ways of going wrong in teaching for conceptual change . E.L. Smith 
& O.H. Lott, lA press. 9^.00 

This paper reports a ease study of a teacher trying to teach her students 
abbttt photosynthesis using a revised ^acher*s guide deaigned to make the 8CIS 
strategy more explicit. It describes the strategy in deuil, noting the ways 
it anticipates and addresses student misconceptions. It describes the very 
limited changes that occurred in students' conceptions and then identifies and 
lliscusses several aspects of the instruction that account for the 
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disappointing t«8ultt« uie dlacuislon emphasises deUlUd analysis of the 
teacher* s questions and students* responses to them* (The research upon which 
this report was based was supported In part by a grAnt £rom the National 
Institute of Education.) 



Publications In Books and Journals 

AndersoQt C.V.f & Smithy E.L* (1984) • Chlldren*s preconceptions and content 
area textbooks* In Duffy » L.R. Roehler, and & J« Mason (Eds.) 
Comprehension Instructions Perspectives^' atijl suggestions . Mew York: 
Longman^ 137<*2ul« 

4> 

This chapter presents results of the PTIS study from the perspective of 
student comprehension of Instruction. It discusses the tole of student 
preconceptions In. comprehension and describes two case studies (documented 
In more deUll In R.S. 127 and R.S. 129) that depict the failure of dls«> 
covery and didactic approaches to teaching In achieving student learning of 
scientific concepts* It also describes the modified teaching materials we 
developed and preliminary results from their ui^e. 

Eatoni J.F.t Andersont C.U.y & Smith, B.L. (1983). When students don't know 
they don*t know. Science and Children , 20(7), 7«9. 

This article la a nontechnical description of the project, empha'slslng 
the role of student misconceptions In tiie problems teachers encountered 
with student learning of science concepts. It describes our efforts to 
help teachers by providing modified Instructional materials and the results 
on student learning. It also suggests ways In which teachers can begin to 
address the problems posed by student misconceptions. 

Eaton, J. P., Anderson, C.W., & Smith, E.L. (1984). Students* misconceptions 
interfere with science learnings Case studies of flfth«grade students. 
The Elementary School Journal , 84(4), 36S«379. 

(See note for IRT Research Series No. 128) 

Roth, K.J., Smith, E.L., & Anderson, C.W. (1984). Verbal patterns of 

teachers. In O.G. Duffy, L.R. Roehler, & J. Mason (Eds.), Comprehension 
Instructions Perspectives and suggestions . Mew Yorki tongman. 

This chapter describes and compares four teacheri In ter<iis of the pat« 
terns of verbal Interactions that characterised their science classes. The 
unique patterns of tl^e 0ne teacher who was successful In l^elplng a majority 
of her students understand a new science concept are Identified. The 
article presents and discusses a model that characterises patterna of ver-» 
bal Interaction for five different steps or stages of instruction to 
promote student comprehension In content areas. 

Roth, K,J. (In press). Using classroom observations to Improve science 

teaching and curriculum materials. In C.U« Anderson (Ed.), 1984 yearbook 
of the Association for the Education of Teachers In Science . Columbus, OHt 
ERIC Center for Science, Mathematics and Environmental Education. 
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Thia cliApttr prtt«nts a eaaa atudy following a taaeher through threa 
yaara of taaehing a unit on photosyntheala* 8ha partieipatad in tha PTIS 
atudy uaing the SCXIS taachar'a guida in Yaar 1 and our ravlaad guida in 
Yaat 2* Tha ehapt«r daaeribaa Uow an improvad undarstanding of both atu- 
dant and taachar thinking about thia unit waa uaad in a follov-up atudy to 
davalop a atudant taxt/workbook and taachar'a guida to accompany tha unit. 
It alao daaeribaa how tha ^achar'a thinking and taaehing changed in 
Yaar 3, raaulting in aubatantial improvanant in atudant learning. 

Smithi B.L., 4 Anderson C.V. (in presa). Planta aa ,producarat A eaae atudy 
of elenentary aci^.tca teaching. Journal of Research in Science Teaching . 

(See note on IKT Reaeareh •^^eriea No. 127) 
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